We describe two cases of dysgenesis of the corpus cailosum demonstrated by magnetic resonance. The first patient presented with chronic hyponatraemia. Investigation demonstrated re-setting of the osmoreceptor and thirst centres. The calculated threshold for arginine vasopressin (AVP) release was reduced at 252 mosmol/kg while severe thirst was perceived at a plasma osmolality of260 mosmol/kg. Insulin-induced hypoglycaemia produced an exaggerated AVP response.
Introduction
Dysgenesis of the corpus callosum is a midline developmental defect. It commonly occurs in association with other major neurological abnormalities which result in mental retardation, hydrocephalus and epilepsy in childhood.' Isolated dysgenesis is usually symptomless and is reported as an occasional incidental finding at post-mortem.' The association of hypothalamic disease with dysgenesis is rare. [2] [3] [4] We describe two patients with dysgenesis of the corpus callosum in whom detailed assessment of anterior and posterior pituitary function has been performed.
Case reports
Case I A 28 year old female secretary developed hyperthyroidism and at initial presentation the plasma sodium concentration was 130 mmol/l (normal range 135-145 mmol/l). Hyperthyroidism recurred two years later when therapy with carbimazole was discontinued and she was admitted for a sub-total thyroidectomy.
The pre-operative plasma sodium concentration was 128 mmol/l. Two days post-operatively the plasma sodium concentration fell to 108 mmol/l and she became confused. At this time the plasma osmolality was 223 mosmol/kg (normal range 280-300 mosmol/kg), the urine osmolality was 566 mosmol/kg (normal range 100-1400 mosmol/kg) and the urine sodium concentraion was 117 mmol/l. Fluid restriction of 500 ml/day was instituted and the plasma sodium concentration rose to 126 mmol/l over 3 weeks. Post-operative hypothyroidism, with a free serum thyroxine concentration of 7.6 pmol/l (normal range 9-28 pmol/1) and serum thyroid stimulating hormone of 19.1 mU/I (normal range 0.3-5.5 mU/l, responded to thyroxine 50 iLg/day. The confusional state slowly resolved and recovery was subsequently uneventful.
There was a past history of a febrile convulsion at the age of 2 years. An electroencephalogram (EEG) at that time showed asymmetrical activity between the two cerebral hemispheres but a further EEG performed when 10 years ofage for assessment ofenuresis was normal. Mild systemic hypertension ( Hypertonic saline test Blood samples were collected before, and every 30 minutes during a 2 hour infusion of hypertonic saline (0.45M; 0.1 ml/kg/min).
Plasma renin, aldosterone and catecholamine sampling Case 1 maintained a high sodium (> 100 mmol/ day) and potassium intake (>70 mmol/day) for 2 weeks. Baseline samples were taken after overnight recumbency and further samples were taken at 5, 10, 15 and 30 minutes after standing. All endocrine investigations in case 2 were performed during hypothermia (temperature 32°C). Statistical analysis Plasma AVP and osmolality data for the patients and 10 normal subjects were subjected to linear regression analysis. The slope of the regression line was considered abnormal if it was greater or less than the mean ± 2 s.d. of the normal slopes.
Results
Endocrine Anterior pituitary function and diurnal variation of cortisol was normal in both cases (not shown). The mean ± 2 s.d. for the AVP/osmolality regression slopes of the 10 normal subjects was 0.37 ± 0.54.
Case I The AVP response to 0.45 M saline showed normal sensitivity (slope 0.56) but the calculated threshold for AVP release was 252 mosmol/kg (normal range 283 ± 4 mosmol/kg) ( Figure 1 ) and thirst was experienced at 260 mosmol/kg (278-290 mosmol/kg). Insulin-induced hypoglycaemia produced an exaggerated rise of plasma AVP (Figure 2) . The supine and erect PRA was abnormally low (0.3 pmol/h/ml supine, normal range 1.1-2.7 pmol/h/ml; 0.6 pmol/h/min erect, normal range 2.8-4.5 pmol/h/ml) but the supine plasma aldosterone and the response to standing were normal. Supine plasma catecholamine concentrations were normal but the peak response to standing (noradrenaline 1774.4 pg/ml, normal range < 1000 pg/ml; adrenaline 3629.3 pg/ml, normal range < 750 pg/ml) was significantly exaggerated. 
Discussion
The anterior hypothalamus plays a major role in osmoregulation in man by control of both the secretion of AVP from the neurohypophysis and the perception of thirst around set-points which maintain a normal plasma osmolality." Case 1 had resetting of the osmoreceptor threshold leading to AVP release at inappropriately low plasma osmolality but with a qualitatively normal AVP response to hypertonic saline infusion assessed by the slope of the AVP/ osmolality linear regression. The abnormal thirst set-point further maintains hypotonic plasma by encouraging drinking at low plasma osmolality and both mechanisms entirely account for the chronic symptomless hyponatraemia. The exaggerated AVP response to insulin-induced hypoglycaemia provides further confirmation of abnormalities of AVP regulation although the mechanism remains unknown. Both surgery" and hypothyroidism'2 are potent nonosmotic stimuli to AVP secretion and would further reduce the threshold for AVP secretion. These additional factors, together with the administration of intravenous fluids post-operatively, may account for the rapid onset of severe post-operative dilutional hyponatraemia following sub-total thyroidectomy. The exaggerated plasma catecholamine response to standing in case 1 suggests an abnormal neurogenic reflex arc which is most readily explained by additional hypothalamic disease affecting nuclei which control the sympathetic nervous system. The significance of this with regard to the mild 'essential' hypertension in case 1 is unknown. The discordant PRA and aldosterone concentrations demonstrated in case 1 are similar to those reported in unrelated conditions complicated by inappropriate AVP secretion.'3 It is likely therefore that the discordancy results from the metabolic effects of inappropriate AVP secretion rather than hypothalamic disease though the mechanism is unknown.
Hypothermia is a well recognized feature of hypothalamic disease'4 but an association with callosal dysgenesis is rare. Of the 10 previously reported cases all had intermittent hypothermia with episodes lasting up to 4 weeks. Persistence of hypothermia for 4 months has not been previously reported. Five cases had temperature related cerebellar ataxia.4 The profuse sweating experienced in response to warming and the absence of shivering in case 2 suggest abnormal control of heat conservation rather than dissipation though we cannot differentiate between an abnormality in heat conservation or lowering of the thermoregulating set point.'5 Both the absent AVP response to insulin-induced hypoglycaemia and the abnormalities of AVP response to hypertonic saline infusion may be due to additional hypothalamic disease. However, all investigations in case 2 were performed during hypothermia. Continuation of carbamazepine therapy and the history of seizures prevented further assessment of AVP secretion following clinical improvement and we cannot therefore exclude an effect of hypothermia on AVP secretion.
The cause of the hypothalamic disease remains obscure. Water homeostasis and temperature regulation are unaffected in patients undergoing surgical section of the corpus callosum for intractable epilepsy'6 and the occasional incidental finding of callosal dysgenesis at post-mortem' suggests dysgenesis alone is not responsible. Midline lipomas are a recognized association of callosal dysgenesis'7 but only one of the 10 previously reported cases of callosal dysgenesis with associated hypothermia had evidence of a lipoma.'8 Histological evidence of nonspecific gliosis of the anterior hypothalamus has been reported in 2 cases of intermittent hypothermia,4"9 one of which had associated callosal dysgenesis. No cause of the gliosis was found. The magnetic resonance (MR) scans of the hypothalamus in our reported cases were normal and the presence of hypothalamic gliosis remains speculative. Previous authors have suggested diencephalic epilepsy as a cause of intermittent hypothermia both with20 and without2' associated callosal dysgenesis. The apparent clinical improvement after commencing anticonvulsant therapy in case 2 is interesting but must be interpreted with caution. Previous reports suggest a poor overall response to anticonvulsant therapy4 and the prolonged duration of hyponatraemia in case 1 and hypothermia in case 2 argues against diencephalic epilepsy. Furthermore, periods of remission occasionally lasting for years, independent of anticonvulsant therapy characterize the hypothermia in association with callosal dysgenesis and the apparent improvement in case 2 may be coincidental.
It is interesting that both patients could perform apparently normal activities before presentation despite significant impairment of many aspects of prefrontal cognition. Furthermore, the lack of evidence for classical disconnection signs22 contrasts with the severe defects resulting from surgical section of the corpus callosum or the presence of a callosal glioma and is consistent with previous reports. 23 The timing of the developmental insult may be crucial in this respect, allowing greater functional development of noncallosal pathways, or the development of bilateral representation of important cortical function.24
In conclusion both cases illustrate the importance of undertaking complete neuroradiological assessment of cases of unexplained hypothalamic disease regardless of the age of presentation to avoid overlooking this rare congenital association.
